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ABSrtUkCT 

study  of  the  basic  design,  fabrication,  andconstruc- 
ti(Mi  of  structural  sandwich  materials  started  at  the 
Forest  Products  Laboratory  in  the  mid  1940*8.  It  was 
recognised  that,  even  with  this  extensive  basic  re¬ 
search.  additional  information  was  needed  to  establish 
the  serviceability  and  durability  of  sandwich  construc¬ 
tion  designed  as  a  building  component.  Accordingly, 
an  experimental  unit  was  built  at  the  Laboratory  in 
1947  to  provide  a  facility  for  longtime  ejqiosure  tests 
under  conditions  simulating  those  of  actual  houses. 

Performance  of  selected  sandwich  panels  in  the 
12>  by  38-foot  exposure  unit  was  periodically  eval¬ 
uated  for  various  lengths  of  service  up  to  21  years. 
Sudi  panels  were  constructed  of  paper  honeycomb 
cores  and  a  variety  of  facings  Including  plywood, 
medium-density  and  hi^-densityhardboard.  particle¬ 
board,  p^ierboard,  cement  asbestos,  and  aluminum. 
Observations  of  seasonal  bowing  of  panels  were  also 
made  over  a  IS-year  period. 

After  21  years  of  exposure,  the  unit  was  dismantled 
and  re-erected  at  a  new  location.  During  this  move 
all  wall,  floor,  and  roof  panels  were  tested  for  stiff¬ 
ness  and  selected  panels  were  tested  to  failure. 

The  plywood-faced  panels  exhibited  a  minimum  of 
movement  due  to  temperature  and  moisture  changes, 
and  retained  a  high  proportion  of  original  stifhiess 
and  strength  properties.  Other  panel  constructions 
were  less  stable  under  moisture  and  temperature 
changes.  Only  a  few  panels  had  a  material  loss  in 
stiffness  and  most  panels  retained  a  strength  well 
above  the  design  load. 

The  new  eiqierlmental  unit,  incorporating  the  better 
panels  and  new  ones  with  considerable  promise,  is 
continuing  to  furnish  performance  data. 
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INTRODUCTION 

structural  sandwich  is  a  layered  construction 
con^)rising  a  combination  of  relatively  high- 
strength  facing  materials  intimately  bonded  to  and 
acting  integrally  with  a  low-density  core  material. 
Although  structural  sandwich  construction  has 
attained  its  well-deserved  recognition  only  in 
recent  years,  its  concept  and  a  vision  of  its 
possibilities  are  not  new.  An  efficient  sandwich 
of  metal  facings  and  a  plywood  core  was  produced 
commercially  some  four  decades  ago,  and  no 
doubt  there  were  applications  at  even  earlier 
dates.  In  World  War  II,  one  of  the  most  spec¬ 
tacular  applications  of  structural  sandwich  con¬ 
struction  was  DeHaviland's  mosquito  bomber, 
which  enq)loyed  birch  plywood  facings  with  a  light- 
wei^t  balsa  wood  core. 

The  possibilities  through  structural  design 
of  utilizing  materials  more  efficiently,  the 
development  of  prefabrication  techniques,  and  the 
postwar  production  and  availability  of  a  great 
variety  of  facing  and  core  materials,  ushered  ip 
a  new  era  of  structural  sandwich  v.  instruction.- 
One  end  use  where  such  factors  are  particularly 
important  is  housing. 

Application  of  a  new  and  untried  construction 
to  housing  naturally  raised  a  great  many  questions 
directly  related  to  design,  material  selection, 
fabrication  methods,  strength,  and  durability.  It 


was  also  desirable  to  determine,  by  some  accel¬ 
erated  method,  the  relative  serviceability  of  the 
various  combinations  of  facings  and  cores  of  the 
proposed  sandwich  panels. 

The  need  for  basic  information  on  these  and 
related  questions  led  to  the  development  of  a 
continuing  research  program  at  the  Forest  Prod¬ 
ucts  Laboratory,  extending  over  a  number  of 
years. 

Despite  the  encouraging  results  of  accelerated 
aging  tests,  the  question  remained  as  to  how  well 
these  tests  could  be  depended  upon  to  give  an 
accurate  indication  of  longtime  serviceability. 
The  most  effective  and  convincing  answer  would 
obviously  be  through  a  record  of  actual  per¬ 
formance  over  a  long  period  of  time.  Therefore, 
an  e;q>erlmental  unit  was  built  at  the  Laboratory 
in  1947  to  evaluate  structural  sandwich  construc¬ 
tions  under  conditions  simulating  those  of  actual 
dwellings. 

Winter  tenq)erature  Inside  the  unit  was  main¬ 
tained  at  65”  1  5”F.  and  a  humidifier  was  (grated 
to  simulate  moisture  conditions  in  an  occiq)ied 
house. 

Selected  panels  in  the  e;q>erimental  unit  were 
tested  for  stiffness  and  strength  in  1948,  1955, 
1960,  1962,  and  1968.  During  these  tests,  some 
panels  were  cut  in  half  and  one-half  of  a  panel 
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was  ttuslructivuly  tosluil  while  the  other  hail' 
was  reinstalled  in  tlie  lest  unit.  Some  eomplete 
panels  were  tleslructivel)’  tested  and  eliminated 
from  the  unit.  As  panels  were  eliminated,  replaee- 
ment  panels  emhotiying  new  nuiterialsandfabriea- 
tion  teehniques  were  installeil. 

In  addition  to  stiffness  and  strength  tests, 
measurements  of  the  amount  of  bow  ir  each  panel 
were  made  over  a  perloil  of  15  years.  Monthly 
average  values  of  deformation  clearly  indicated 
the  l)ehavior  of  the  various  panel  constructions 
to  seasonal  changes  in  temperature  and  humidity. 

In  1968,  the  entire  experimental  unit  was  dis¬ 
assembled  and  moved  to  a  new  location.  During 
tliis  move,  all  sandwich  panels  in  the  unit  were 
tested  for  stiffness  and  selected  panels  were 
destructively  evaluated. 

Then  a  new  experimental  unit  was  erected  that 
contained  some  of  the  best  performing  panels, 
as  well  as  promising  replacement  panels.  Plans 
are  to  e}q)Ose  the  new  unit  for  at  least  9  more 
years  to  furnish  data  on  which  to  Judge  sandwich 
performance  in  housing. 


EXPERIMENTAL  UNIT 
EMPLOYING  SANDWICH 
CONSTRUCTION 

The  complete  experimental  unit  re-erected  in 
1968  is  shown  in  figure  Overall  dimensions  of 
the  unit  are  32  feet  6  inches  long  by  12  feet  wide 
by  8  feet  high.  It  is  oriented  with  its  longitudinal 
axis  east  and  west  so  the  experimental  wall  panels 
in  the  long  sides  are  placed  to  receive  the  two 
extremes  of  exposure.  The  unit  is  on  a  concrete 
perimeter  foundation  over  a  4-foot  crawl  space. 
Three  sandwich  floor  panels  are  placed  in  the 
west  room  of  the  unit,  and  the  remainder  of  the 
floor  is  conventional  plywood  subfloor  over  2  by 
8  joists  spaced  16  inches  apart. 

The  walls  rest  directly  on  the  sill  and  fit  over 
a  sole  plate  secured  to  the  sill.  The  end  walls 
are  made  up  of  4-foot-wide  panels.  The  east  end 
wall  panels  are  of  sandwich  construction;  the 
west  end  wall  is  insulated  stressed-skin  construc¬ 
tion.  The  center  panel  at  each  end  contains  a  door. 
The  north  and  south  walls  are  made  iq)  of 


exijorimnntal  sandwich  panels  of  a  variety  of 
materials  except  that  a  4-foot-wide  panel  con¬ 
taining  a  door  is  located  near  the  center  of  the 
north  side,  ai.d  a  similar  panel  containing  a  window 
is  placed  in  the  south  side  opposite  the  door. 

The  unit  is  partitioned  11  feet  from  the  east  end 
and  13  feet  from  the  west  end,  leaving  an  8-  by 
12-foot  utility  room  near  the  center  (fig.  2).  One 
partition  is  sandwich  construction;  the  other  is 
uninsulated  stressed-skin  construction.  Parti¬ 
tions  are  routed  on  the  bottom  to  seat  over  a  sole 
plate  secured  to  the  floor,  and  on  the  ends  and 
top  to  receive  cleats  which  are  glued  to  the  wall 
and  roof  panels. 

A  1/2 -inch  space  was  provided  between  adjacent 
side  wall  panels  to  permit  them  to  deform  without 
restriction.  The  space  is  filled  with  glass  fiber 
insulation  and  the  joints  are  taped  to  provide  the 
desired  seal. 

A  3/4-  by  2-1/2-lnch  continuous  plate,  placed 
in  the  grooves  at  the  panel  tops,  ties  the  panels 
together  at  the  top.  Cleats  glued  to  the  roof  panels 
seat  in  the  groove  above  the  continuous  plate  and 
the  panel  facings  are  fastened  to  the  cleats  with 
screws. 

The  1/2-inch  space  between  roof  panels  is 
filled  with  insulation  and  taped  in  the  same  manner 
as  the  wall  panels.  The  panels  are  covered  with 
a  metal  roof  made  in  1-1/2-  and  2-foot-wlde 
sections.  Standing  seams  where  adjacent  sections 
Join  are  covered  with  a  sliding  metal  cap. 

Standard  window  and  door  frames  are  adapted 
to  the  3-inch  wall  thiclmess.  Roug^  frames  were 
glued  in  place  when  the  wall  panels  were  fabri¬ 
cated.  A  standard  double-hung  sash  is  used  for 
the  window.  Doors  are  sandwich  construction. 
Exterior  doors  have  type  XN  cores  and  two-ply 
crossbanded  birch  facings  made  tq>  of  1/16-inch 
veneer.  One  interior  door  has  paper-overlaid 
1/8-inch  Douglas-fir  veneer  facings;  the  other 
has  two-ply  Douglas-fir  facings. 

Details  of  Panel  Construction 

The  sandwich  panels  in  the  e^qierimental  unit 
are  primarily  constructed  of  paper  honeycomb 
cores  with  pl3rwood  or  other  wood-base  facings; 
however,  soirie  metal  facings  are  used  and  some 
of  the  panels  en^loy  rigid  Insulation  as  core 
material.  Details  of  each  panel  construction. 


—The  original  experimental  unit  Is  discussed  In  the  Appendix. 
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Figure  I.— Sandwich  experimental  unit  as  re-erected  In  1968. 
M  135  634-3 
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along  with  year  of  installation,  arc  given  in 
table  1. 

Core  materials.— The  paper  honeycomb  cores 
usetl  were  of  two  types;  the  expanded  or  Chrlst- 
mas-l)ell  type,  anil  the  corrugated-paper  type. 
Expanded  cores  may  lx;  produced  with  a  variety 
of  honeycomb  cell  sizes.  Variations  of  the  cor¬ 
rugated  paper  cores  are  possible  by  changing 
orientation  of  the  flute  axis  with  respect  to  the 
facings. 

The  expanded  paper  core  (fig.  3)  was  produced 
by  assemljling  sheets  ofpaper  flatwise  and  bonding 
along  continuous  narrow  bonds  at  regular  intervals 


across  the  sheet.  Bonds  were  staggered  for 
adjacent  sheets.  After  sheets  were  bonded  to¬ 
gether.  they  were  cut  off  to  the  thickness  desired 
for  the  core.  The  segments  were  then  expanded 
to  develop  the  honeycomlj  pattern.  All  of  the 
e)q)anded  cores  except  those  in  the  aluminum¬ 
faced  panels  contained  8  or  11  percent  of  thermo¬ 
setting  phenolic  resin. 

Corrugated  cores  were  made  from  a  typical 
kraft  paper  weif^ing  about  45  pounds  per  ream 
(500  sheets  24  by  36  in.),  Impregnated  with  about 
15  percent  of  a  water-soluble  phenolic  resin. 
The  corrugated  sheets  were  bonded  together  with 
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Figure  4.--XN  type  of  corrugated-paper 
honeycomb  core. 

M  87222  F 


Figure  6. — PNL  type  of  corrugated-paper 
honeycomb  core  with  flat  Interleaves 
between  the  corrugated  sheets. 
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iin  ac'ici-calalyzod  phunolic  resin. 

The  core  desij^inateil  XN  (fit?.  4)  was  tniuieup  of 
c:ori'Ut?atcil  sheets  ttlueil  tot?ether  with  cori’uga- 
tions  of  adjacent  sheets  at  right  angles.  The 
assenihly  was  sawed  into  panel  thicknesses  and 
used  in  a  manner  that  places  alternate  corrugated 
sheets  with  tlutes  parallel  and  perpendicular  to 
the  facing.  Core  designateilXF  was  similar  except 
that  it  was  placed  in  the  panel  with  all  flutes 
parallel  to  the  facings.  This  orientation  results 
in  hotter  insulation,  hut  it  is  very  weak  in  flatwise 
compression.  A  poor  glue  bond  between  corruga¬ 
tions  could  also  result  in  low  shear  strength. 

I’he  core  desijjmated  PN  (fig.  5)  was  assetnlded 
with  all  tlutes  parallel.  Adjacent  sheets  were 
glued  together  at  the  nodes.  Core  designated  PNL 
(fig.  6)  was  assembled  In  the  same  manner  except 
that  single-face  corrugated  board  (corrugated 
Ijoard  faced  on  one  side  with  a  paper  sheet)  was 
used. 

in  order  to  make  panels  suitable  for  cold 
climates,  two  types  of  rigid  insulation  are  used 
In  the  panels  fabricated  In  1968,  One  core  employs 
the  conventional  expanded  paper  honeycomb  with 
urethane  foamed  Into  the  cells  to  a  depth  of  1 
Inch  (fig.  7).  The  other  core  is  styrofoam  having 
a  density  of  1.9  p.c.f.  (pounds  per  cubic  foot) 
(fig.  8). 


Facings. — Plywood  facings  used  In  the  e^erl- 
mental  panels  are:  1/4-lnch,  three-ply  Douglas- 
flr  of  exterior  type:  1/4-lnch,  three-ply  Douglas- 
flr  exterior  type,  with  25  percent  phenolic  resin- 
treated  paper  overlay  on  one  face;  two-ply 
Douglas-fir  of  1/10-inch  veneers,  with  the  grain 
of  the  veneers  at  right  angles  and  a  resin-treated 
paper  overlay  on  one  side:  and  3/8-lnch,  five-ply 
Douglas-fir,  exterior  type  (for  floor  panels). 

In  addition  to  plywood  facings,  the  e^erimental 
unit  has  panels  with  several  types  of  wood-base 
facings  and  one  panel  with  metal  facings.  The 
wood-base  facings  include  medium-density  and 
high-density  hardboard,  particleboard,  and  0.1- 
inch  paperboard  with  a  film  of  polyethelene  under 
the  surface  of  each  side.  The  metal  facing  is 
0.02-inch  aluminum.  The  only  panels  of  unbalanced 
construction  have  l/4-lnch-thick  birch  plywood 
inner  face  and  1/8-lnch-thick  aluminum-faced 
hardboard  (0.024- inch  aluminum  with  baked 


enamel  finish  Ijonded  to  1/16-inch  hardboard) 
outer  face. 


Walls 

All  wall  panels  except  the  aluminum-faced 
and  paperboard-faced  ones  are  about  3  inches 
thick.  Aluminum-faced  panels  are  2  inches  thick: 
paperboard-faced  panels  are  4  inches  thick.  Wall 
panels  were  designed  for  a  wind  load  of  20  p.s.f. 
The  original  panels  were  made  either  2  feet 
11-1/2  inches  or  3  feet  11-1/2  inches  wide  to 
conform  to  3-  or  4-foot  spacing  and  to  allow 
1/2-inch  clearance  for  independent  bowing  of 
the  panels.  When  structural  tests  were  made, 
many  of  the  panels  were  cut  in  half  with  one-half 
destructively  tested  and  the  remaining  half  re¬ 
installed,  As  a  result  of  these  destructive  tests, 
most  of  the  wall  panels  in  the  present  unit  are 
1  foot  5-1/2  inches  or  1  foot  11-1/2  inches  wide. 
The  height  of  all  wall  panels  is  7  feet  11-1/2 
inches.  After  assembly  and  curing  of  the  core 
and  facing,  panels  were  trimmed  to  the  appro¬ 
priate  size,  and  the  core  was  routed  from  both 
top  and  bottom  edges  to  a  depth  of  1-3/4  inches. 
Sole  plates  and  top  plates  seat  into  grooves  formed 
by  routing,  and  the  facings  were  secured  to  the 
plates  with  screws. 

Roof 

Roof  panels  are  14  feet  long,  spanning  the  width 
of  the  structure  with  9 -inch  overhangs.  Two 
panels,  2  feet  11-1/2  inches  wide  by  3  inches 
thick,  with  aluminum  facings  were  designed  for 
a  load  of  15  p.s.f.  All  other  roof  panels  have 
plywood  facings  and,  except  for  one  panel  cut  in 
half  for  destructive  testing,  are  3  feet  11-1/2 
inches  wide  by  4-1/2  inches  thick.  The  plywood¬ 
faced  panels  were  designed  for  a  load  of  25  p.s.f. 
Three  of  the  original  panels  were  ventilated  with 
2-  by  3-inch  ventilating  flues  spaced  6  inches 
apart  and  extending  lengthwise  through  the  panels. 
Cleats  glued  to  the  underside  of  the  roof  panels 
near  each  end  seat  into  grooves  at  the  t(^  of  the 
wall  panels  and  are  connected  to  the  wall  panels 
with  screws  through  the  wall  panel  facings. 

Floors 

The  experimental  unit  has  three  sandwich  floor 
panels  3  feet  8-1/2  inches  wide  by  12  feet  long 
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Figure  7. — Expanded  hexagonal  paper- 
honeycomb  core  with  l-inch  urethane 
foam  from  one  side. 

M  135  580 


Figure  8. --Styrofoam  core  with  density 
of  1.9  pounds  per  cubic  foot. 

M  135  581 


and  6  inches  thick.  They  were  designed  fora  load 
of  40  p.s.f.  The  cores  were  routed  to  a  depth  of 
1-1/8  inches  on  the  longitudinal  edges  to  accom¬ 
modate  an  insulated  spline  which  connects  adjacent 
panels  together.  During  fabrication  of  the  panels 
in  1947,  a  radiant  heating  system  was  incorporated 
by  crushing  copper  hot  water  heating  pipes  into 
the  paper  core  Just  below  the  top  facing.  Although 
the  copper  tubing  remains  in  the  three  floor 
panels,  the  remainder  of  the  radiant  heating 
system  was  not  installed  in  the  existing  unit. 
The  unit  is  heated  by  electric  space  heaters. 


STRUCWHAL  TkSTS 


Panels  /n  the  ox))e''imciilal  unit  have  boon 
exposed  fo.;  v.it  vinp  leni;!!!®  of  time  up  to  21  years. 
All  panel  »  were  tested  lor  stiffness  at  the  time 
they  wen-  fabrieatetl.  In  addition  prototypes  of 
all  wall  ami  floor  panels  were  destructively  tested. 
These  testf  serve  as  controls  lor  tests  to  be  made 
after  expf  mrc.  When  the  experimental  unit  was 
moved  in  1968,  all  panels  were  again  tested  lor 
stiffness,  borne  panels  had  previously  lieen  cut  in 
half  with  ’•-  af  the  panel  destructively  tested.  New 
panels  i  stalled  in  1968  were  tested  only  for 
control  vatueo.  Tests  after  e;qjosure  will  l)e  made 
at  future  (kites  within  the  next  9  years.  Tests  of 
sandwich  panel  construction  prior  to  erection  of 
initial  exlerimental  unit  are  discussed  in  the 
Appendlj 

Bendlna  and  Stiffness 

Tables  l  and  2  give  the  results  of  Ijending  and 
stiffness  tjsts  of  panels  in  the  experimental  unit 
and  bend.i'g  tests  of  prototype  panels  destructively 
tested  at  che  time  the  experimental  panels  were 
Installed.  Data  on  panels  not  retained  in  the 
e;qjerii  icntal  unit  are  given  in  the  Appendix. 
Design  :<;.ds  for  the  p.ijiels  were  20  p.s.f.  for 
walls.  25  p.s.f.  for  the  roof,  and  40  p.s.f,  for  the 
floor.  Tests  were  made  by  siqiporting  the  panel 
on  rolle  'S  ..ear  the  ends  ami  applying  load  at  the 
quarter  points  ffig.  9}  at  a  rate  of  0.041  inch 
per  mlr.ule.  Spans  for  the ‘tests  were  90  inches 
for  the  wall  paneis,  133  IrchiCJ  for  floor  panels, 
and  147  inches  for  roof  panels.  Values  shown  in 
the  tables  are  equivalent  uniform  loads  over  the 
unsupported  length  of  the  panel. 

Wall  pantlB.— Most  of  the  wall  panels  had  a 
slight  increase  in  stiffness  after  exposure.  The 
only  panels  decreasing  in  stiffoess  were  those 
with  facings  of  hi^-density  hardboard  and 
redwood -faced  particleboard.  The  hardboard¬ 
faced  panels  had  a  decrease  in  Btiffiiess  of  0  to 
9  percent  after  6  years,  and  a  decrease  of  2  to 
13  percent  after  20  years.  The  particleboard¬ 
faced  panels  had  a  decrease  in  stiffness  of  36  to 
38  percent  after  6  years.  Even  with  this  decrease 
in  stiffness,  the  deflection- span  ratio  for  hlg^- 
denslty  hardboard-faced  panels  was  well  above 
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Figure  9.— Method  of  testing  sandwich  wall  panel  with  bending  load  applied  at  quarter 
points  of  span.  1^  73340  F 


1/270:  however,  the  deflection-span  ratio  of  the 
particleboard -faced  panels  decreased  below 
1/270. 

The  greatest  decrease  in  strength  occurred  in 
the  aluminum-faced  panels  which  lost  20  to  41 
percent  of  their  strength  after  15  years  of  ex¬ 
posure.  Even  with  this  loss,  the  strength  was 
still  about  six  times  the  design  load  of  20  p.s.f. 
There  was  also  some  decrease  in  strength  in 
panels  faced  with  paperboard  and  high-density 
hardboard. 

Roof  panels.— The  change  in  stlffaess  was 
inslgnifloant  in  all  of  the  roof  panels  ranging 
from  a  2  percent  decrease  to  a  7  peroent  increase. 
There  were  no  strength  tests  before  exposure  for 
comparison  with  strength  after  exposure.  Only 
two  panels,  one  ventilated  and  one  unventilated, 
were  tested  to  failure.  There  was  some  oonbem 
v^n  panels  were  first  fkbrioated  that  moisture 
might  condense  within  a  panel  and  result  in  a 
reduction  of  panel  performance.  For  this  reason 
some  roof  panels  were  built  with  ventilating  ducts. 
The  unventilated  panel  (fig.  10)  shewed  no  loss 
of  strength  over  the  ventilated  panel  (fig.  11). 
These  tests  plus  examination  of  panels  indicate 


that  ventilating  the  roof  panels  was  not  necessary 
for  the  type  of  construction  used  in  the  e^qieri- 
mental  panels. 

Floor  panels.— All  of  the  floor  panels  showed 
an  increase  in  stiffness  after  21  years  of  service. 
The  increase  ranged  from  17  to  23  percent.  The 
panel  tested  to  failure  (fig.  12)  showed  a  16  per¬ 
cent  decrease  in  strength  cpRq)ared  to  a  prototype 
floor  panel  tested  at  the  time  the  e;q>erimental 
panels  were  put  Into  service.  Examination  of  the 
panel  in  the  area  where  the  copper  tubing  was 
inserted  for  radiant  heat  showed  no  deterioration 
of  the  core  material  or  the  glue  bond  between 
core  and  facing. 


Tension 

To  assess  bond  performance  flatwise,  tension 
tests  were  made  of  specimens  taken  from  several 
types  of  sandwich  panels  that  had  been  exposed 
for  1  year  and  for  15  years.  The  following  is  a 
summary  of  the  results  of  these  tests. 

1.  Plvwood-faced  panels.— These  panels  had 
been  e}q)Osed  for  15  years  and  consisted  of  1/4- 
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Figure  10.— Final  failure  of  unventi lated  roof  panel  after  21  years'  exposure 
M  134  881 


Figure  12. — Final  failure  of  floor  panel 
after  21  years'  exposure. 


Figure  II.— Final  failure  of  ventilated 
roof  panel  after  21  years'  exposure. 
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inch  Douglas-fir  plywood  with  type  XN  corrugated 
paper  cores.  The  average  load  at  failure  wa^ 
slightly  over  60  p.s.l,  (pounds  per  square  Inch), 
and  there  was  no  significant  difference  between 
north  and  south  panels.  The  majority  of  the 
failures  occurred  in  the  core  itself,  only  a  small 
percentage  occurring  in  the  glueline. 

2.  Aluminum-faced  panels.  -  -  These  panels 
were  tested  after  15  years  of  exposure  and  con¬ 
sisted  of  0.02-inch-thtck  aluminum  facings  and 
expanded  paper  core.  The  average  values  at 
failure  were  quite  hig^;  175  p.s.l.  for  the  north 
panel  and  140  p.s.l.  for  the  south  panel.  The 
difference  was  probably  due  to  the  better  glue 
bond  of  the  north  panel  specimens.  The  paper 
thickness  of  the  core  of  the  north  panel  was 
0.012  Inch,  and  0.006  inch  for  the  core  used  in 
the  south  panel.  The  greatest  percentage  of  the 
failures  was  In  the  glueline. 

3.  Paoerboard-faced  panels.— These  panels 
consisted  of  0.10-lnch  paperboard  covers  and 
e:q>anded  paper  cores.  Esqiosure  period  was 
1  year.  The  average  tension  values  were  quite 
low  (16  p.s.l.),  and  there  was  little  difference 
between  the  north  and  south  panels.  Most  of  the 
failures  occurred  in  the  facings  and  few,  if  any, 
in  the  glueline. 


BOWING  OF  WALL  AND 
ROOF  PANELS 


Bowing  of  wall  and  roof  panels  due  to  moisture 
and  tenqierature  effects  was  studied  over  a  15- 
year  period  for  the  original  panels  and  over  a 
4-year  period  for  replacement  panels  installed 
In  1962.  Observations  showed  a  cyclic  pattern  with 
panels  generally  having  about  the  same  seasonal 
bow  year  after  year. 

Plywood-faced  panels  were  essentially  flat 
during  the  warmest  part  of  the  year,  bowing  out¬ 
ward  during  the  cold  season  with  the  north  panels 
bowing  more  than  the  south  panels  (fig.  13).  The 
south  panels  remained  almost  flat  for  the  6- month 
period  from  May  to  November  and  bowed  outward 
to  a  nuudmum  of  a  little  more  than  1/10  inch 
during  the  coldest  season.  The  north  panels  were 


Alumlnijn  ^aced 


HIgh-densIty  hardboard  faced 
and  cement-asbestos  faced 


Figure  13. — Average  bow  of  sandwich  wall 
panels  by  months  during  exposure  from 
August  1947  to  June  1962. 
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flat  only  In  July  and  bowed  outward  to  a  maximum 
of  about  1/4  inch  in  February. 

Aluminum-faced  panels  2  inches  thick  on  the 
south  side  were  nearly  flat  from  April  to  October 
but  had  an  inward  bow  of  slightly  less  than  1/10 
inch  during  the  winter  (fig.  13).  The  north  panels 
bowed  slightly  inward  during  all  months  except 
from  January  to  April  when  there  was  a  slight 
outward  bow. 

Average  seasonal  bowing  curves  of  panels  faced 
with  hlg^i-denslty  hardboard  and  with  cement- 
asbestos  are  also  shown  In  figui'e  13.  The  hard- 


board-faced  panels  on  the  north  had  the  largest 
bow,  ranging  from  a  flat  condition  in  July  and 
August  to  an  outward  bow  of  almost  1/2  Inch  In 
March.  The  range  of  bow  In  the  south  exposure 
hardboard-faced  panels  was  from  an  outward 
bow  of  l/lO  inch  In  summer  to  almost  4/10  inch 
in  winter.  The  cement-asbestos  panel  was  some¬ 
what  more  stable  with  a  variation  of  only  about 
2/10  inch  between  summer  and  winter  conditions. 
The  average  seasonal  bowing  of  paperboard¬ 
faced  panels  (4  inches  thick)  is  shown  in  figure  14. 
Bowing  of  these  panels  was  influenced  primarily 
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Figure  14.— Average  bow  of  sandwich  wall  panels  by  months  during  exposure 
at  FPL  from  January  1963  to  June  1966. 
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by  moistux’e  content  of  the  faces  with  the  largest 
outward  bow  in  March  and  a  slight  inward  bow  in 
September.  Bow  of  the  panel  in  the  north  wall 
was  generally  slightly  less  than  bow  of  the  panel 
in  the  south  wall.  The  maximum  outward  bow  was 
slightly  over  2/10  inch,  and  the  maximum 
inward  bow  was  less  than  1/10  inch. 

The  particleboard-faced  panel  in  the  north  wall 
bowed  outward  from  a  maximum  of  almost  1/2 
inch  in  the  middle  of  winter  to  a  minimum  of 
slightly  less  than  2/10  inch  in  the  summer  (fig. 
14).  The  north  and  south  panels  were  bowed  nearly 
the  same  amount  in  summer,  but  the  panel  on 
the  north  side  was  bowed  about  1/10  inch  more 
than  the  panel  on  the  south  side  during  winter. 

Average  bow  of  the  medlum-density-hardboard- 
faced  panels  (fig.  14)  on  the  north  side  ranged 
from  slightly  less  than  4/10  inch  outward  in  the 
winter  to  about  1/10  inch  outward  in  the  summer. 
Average  bow  of  the  panel  on  the  south  side  was 
from  about  2/10  inch  outward  in  the  winter  to 
almost  flat  in  the  summer. 

The  only  panel  of  unbalanced  construction  had 
a  1/4-lnch  birch  plywood  Inside  facing  and  a 
1/8 -Inch  aluminum -faced  hardboard  outside 
facing.  The  north  panel  had  a  maximum  inward 
bow  of  about  1/4  inch  in  August  and  an  inward 
bow  of  about  1/10  inch  in  February  (fig.  14). 
Bow  in  the  south  panel  ranged  from  about  l/lO 
inch  inward  in  January  to  about  2/10  inch  outward 
in  April. 

Average  bowing  of  plywood-faced  and 
aluminum- faced  roof  panels  is  shown  in  figure 
15.  Bowing  of  the  plywood-faced  panels  ranged 
from  about  1/10  inch  inward  during  the  summer 
to  an  outward  bow  of  about  1/3  inch  during  the 
coldest  months.  The  bowing  of  aluminum-faced 
panels  ranged  from  almost  flat  during  the  heating 
season  to  about  1/10  inch  outward  during  the 
summer  months. 

Bowing  of  the  panels  with  wood-base  facing 
was  caused  mostly  by  the  difference  in  moisture 
content.  Calculations  indicate  a  difference  in 
moisture  content  between  inside  and  outside 
facings  of  about  8  percent.  This  difference  reached 
a  maximum  near  the  end  of  winter  due  to  the 
lower  temperature  and  consequent  hi^er  relative 
humidity  on  the  outside  duringthe  winter.  Thermal 
contraction  of  the  outer  facing  tended  to  reduce 
the  amount  of  bow. 

Bowing  of  aluminum-faced  panels  was  caused 
by  temperature  difference  in  the  inner  and  outer 
face.  This  bowing  was  lessened  by  the  significant 


Figure  15. — Average  bow  of  roof 
panels  of  plywood-faced  and 
aluminum-faced  sandwich  by 
months  during  exposure  from 
August  1947  to  June  1962. 

M  126  270 

heat  loss  through  the  uninsulated  panels,  If  the 
panels  were  insulated  for  a  lower  U  value,  there 
would  be  a  greater  temperature  differential  be¬ 
tween  inner  and  outer  facings  and,  consequently, 
much  greater  bowing. 

Theoretical  analysis  shows  the  Ijow  to  be 
proportional  to  the  square  of  the  length  and 
inversely  proportional  to  the  thickness.  Longer 
panels  applied  horizontally  would  have  much 
greater  bow  than  those  in  the  exixerimental  unit; 
however,  this  bow  could  be  largely  restrained 
by  suitable  fastenings  at  midlength  or  by  other 
structural  elements,  such  as  partitions.  The 
amount  of  bow  in  all  the  test  panels  did  not 
produce  an  objectionable  appearance  where  ad¬ 
jacent  panels  bowed  the  same  direction  and  the 
same  amount.  There  was  evidence  of  bowing 
where  a  wall  panel  intersected  a  roof  panel  or  a 
partition,  but  in  practice  this  would  be  covered 
with  a  molding  which  conceals  most  of  the  move¬ 
ment. 
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SUMMARY  OF  OBSERVATIONS 


Performance  of  sandwich  panels  In  the  exjieri- 
mental  unit  over  21  years  Indicates  that  panels 
of  nonUnal  thicknesses  and  constructions  can  be 
satisfactorily  used  for  housing  construction. 
Minimum  stiffness  and  strength  requirements 
arc  easily  achieved,  and  most  constructions 
retain  their  stiffness  and  strength  properties 
even  after  longtime  exposure. 

Adhesive  l)onding  techniques  proved  to  lie 
adequate  with  good  bonds  even  after  as  much  as 
21  years  of  service.  No  moisture  problems  at 
the  bond  were  observed.  Synthetic  resins  In  the 
honeycomb  material  also  afford  a  degree  of 
moisture  resistance  that  insures  adequate 
strength  and  stability  even  if  the  material  is 
immersed. 

Plywood  -  faced  panels  have  demonstrated 
excellent  performance  during  21  years  of  service. 
They  had  a  mini  mum  of  movement  due  to  tempera¬ 
ture  and  moisture  changes,  and  retained  stiffness 
and  strength.  Mechanical  fasteners  used  in 
assembling  a  house  mig^t  govern  the  thickness 
of  facings.  In  some  cases,  thinner  prefinished 
plywood  with  a  nonmarring  plastic  surface  might 
be  used  for  the  interior  facing. 

Although  plywood  was  relatively  stable,  the 
other  wood-base  facings  were  more  affected  by 
moisture  and  ten^erature  changes.  In  normal 
construction,  much  of  the  bowing  would  be 
eliminated  by  fastenings;  however,  restricting 
the  panel  edges  might  result  in  cross  bowing  or 
cupping.  Therefore,  facings  that  are  highly  sensi¬ 
tive  to  tengierature  and  moisture  changes  are 
undesirable. 

The  feasibility  of  radiant  heating  coils  in 
sandwich  floor  panels  was  demonstrated  in  the 
original  experiment  unit.  The  colls  did  not  cause 
any  deterioration  in  the  core  material  or  the 
bond  between  core  and  facing. 

Minimum  insulation  requirements  for  many 
areas  of  the  United  States  are  satisfied  by  the 
corrugated  core;  however,  this  core  does  not 
provide  adequate  insulation  for  the  colder 
climates.  E;q)anded  core  provides  even  less 
insulation.  The  panels  with  styrofoam  core  or 
urethane  foamed  into  expanded  core  both  have 
insulating  prq}ertles  comparable  to  conventional 


wood-frame  house  construction  with  2  inches  of 
blanket  insulation. 

The  long-term  durability  test  with  panels 
exposed  for  periods  as  long  as  21  years  has 
shown  the  feasibility  of  usingthis  type  of  construc¬ 
tion  in  housing.  The  requirements  for  satisfactory 
sandwich  panels  are  selection  of  prefer  combina¬ 
tions  of  facings,  core,  and  adhesives;  careful 
fabrication  techniques;  and  good  quality  control. 
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APPENDIX  consisted  of  10  sandwich  panels.  Four  of  the  wall 

panels  and  two  of  the  roof  panels  had  aluminum 
facings,  and  all  others  had  plywood  or  other  wood- 
base  material  facings.  Both  the  east  and  west  end 
initiat  Sandwich  Experimental  Unit  walls  consisted  of  three  panels.  Those  on  the  east 

were  of  sandwich  construction  and  those  on  the 
west  were  of  stressed-skln  construction.  One  of 
The  compiete  experimental  unit  erected  in  1947  the  panels  in  each  end  wall  and  in  the  south  wall 

is  shown  in  figure  16.  Overall  dimensions  were  contained  a  window, 

38  feet  6  inches  long  by  12  feet  6  Inches  wide  by  The  interior  was  divided  into  two  12-  by  15- 
8  feet  high.  The  front  of  the  unit  faced  north,  and  foot  rooms  and  one  8-  by  12-foot  utility  room, 
both  the  front  and  the  rear  walls  were  constructed  with  an  exterior  door,  located  in  the  north  wall, 
of  10  sandwicli  panels,  generally  installed  in  opening  directly  into  the  utility  room.  Another 
matched  pairs  as  shown  in  figure  17.  The  roof  special  feature  of  the  construction  was  the  use  of 


sandwich  panels  over  a  crawl  space  for  the  floor 
of  the  east  room,  with  copper  heating  pipes  in¬ 
stalled  in  the  panels  during  fabrication  to  deter¬ 
mine  the  effect  of  radiant  heating  with  hot  water 
on  the  long-range  performance.  The  west  room 
had  a  concrete  subfloor  with  radiant  heating  to 
permit  study  of  wood  finish  floors  under  such 
heating  conditions. 

Tests  of  Panels  in  the  Initial  Experimental  Unit 

Prior  to  construction  of  the  e}g)erimental  unit 
in  1947,  small  sections  of  various  sandwich 
constructions  were  submitted  to  a  variety  of  tests. 
In^)act  bending  tests  were  also  made  on  prototypes 
for  a  plywood-faced  wall  panel,  an  aluminum¬ 
faced  wall  panel,  a  plywood-faced  floor  panel,  and 
an  aluminum-faced  roof  panel.  A  prototype  of 
each  e^gierlmental  panel  was  tested  to  failure  in 
bending,  and  each  e]q>erimental  panel  was  tested 
for  stiffness  before  being  installed  in  the  e}q)eri- 
mental  unit.  Results  of  initial  strength  and  stiff¬ 
ness  tests  for  panels  are  given  in  tables  1,  2, 
and  7. 


Tension  Tests 

Flatwise  tension  tests  were  made  of  small 
sections  of  sandwich  panels  to  determine  the 
type  of  failure  that  might  occur  in  the  facing, 
glueline,  or  paper  core  after  e^qiosure.  ASTM 
procedure  C  297,  “Tension  Test  of  Flat  Sandwich 
Construction  in  Flatwise  Plane,*  was  used  for 
these  tests.  Small  2-  by  2-inch-square  sections 
of  the  ejqiosed  sandwich  panels  were  glued  to 
steel  plates.  After  conditioning,  a  tension  load 
was  applied  to  the  steel  plates  until  failure  of 
the  specimen  occurred.  Both  plywood-  and 
aluminum-faced  specimens  had  average  maximum 
loads  greater  than  50  p.s.i. 

Accelerated  Durability  Tests 

Paper  honeycomb  cores. — Prior  to  the  selec¬ 
tion  of  core  for  the  exposure  panels,  some  72 
types  of  treated  paper  honeycomb  cores  were 
subjected  to  ASTM  procedure  C  481,  “Laboratory 
Aging  of  Sandwich  Constructions.”  A  few  repre¬ 
sentative  results  of  the  subsequent  tests  are  listed 
in  table  3,  General  results  indicated  that  strength 


Table  3.--Effect  of  aging  on  paper-honevcomb  sandwich  coresi 


Treating  resin  :  Ratio  of  property  after  aging  to 

property  before  aglngr 


Compression  parallel  to  flutes 


Type  :  Amount 


:  Static 

:  strength 

Impact 

strength 

Modulus  of 
elasticity 

Pet. 

Pet. 

Pet. 

Pet. 

Water-soluble  phenolic 

20 

:  79 

125 

107 

do. 

35 

:  81 

80 

86 

Alcohol -roluble  phenolic 

20 

80 

100 

70 

do. 

35 

:  110 

100 

60 

Polyester 

20 

:  64 

86 

223 

do. 

35 

:  100 

70 

70 

height  of  paper  was  90  lbs.  per  3,000  aq.  ft. 

2 

-Accelerated  aging  consisting  of  6  cycles  of  the  following;  Imnersion 
in  water  at  120*  F.  for  1  hour;  spraying  with  wet  steam  at  200*  F. 
for  3  hours;  storage  at  10*  F.  for  20  hours;  heating  in  dry  air  at 
210*  F.  for  3  hours;  spraying  with  wet  steam  at  200*  F.  for  3  hours; 
and  heating  in  dry  air  at  210*  F.  for  18  hours. 
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aiul  St  il  lness  u  ene  reilueeil  ;il)mit  20  perecnl  aiut 
shock  resistance  very  little. 

Sandwich  panels. — Small  sanilwich  panel  speci¬ 
mens  with  cores  and  wood  lacings  similar  to 
the  original  panels  in  the  KPl.  experimental  unit 
were  subjected  to  AS  I'M  aging  procedure  C  481 
and  tested  in  bending.  Generally,  the  reduction 
of  shear  stress  in  the  cores  of  the  aged  specimens 
was  about  20  to  30  percent.  The  reduction  In 
stiffness  was  about  20  percent,  and  no  visual 
defects  or  warping  were  observed  in  the  aged 
specimens. 

Small  specimens  of  a  commercially  manu¬ 
factured  2-inch  sandwich  with  resin-treated  paper 
honeycomb  core  and  aluminum  faces  were  tested 
In  tension  perpendicular  to  the  faces  after  a 
variety  of  aging  es^osures.  The  exposures  and 
the  results  of  the  tests  are  summarized  In  table 
4.  The  tests  showed  that  appreciable  softening 
occurred  In  the  adhesive  bonding  of  the  core  to 
the  facings  when  exposed  to  a  temperature  of 
180“  F.  The  adhesive  bond  also  was  seriously 
affected  when  soaked  in  water  for  48  hours. 
Exposure  to  high  humidity  or  to  cyclic  conditions 
had  less  severe  effects. 

Moisture  and 

Temperature  Effects 

Moisture  and  temperature  are  important  factors 
that  may  affect  the  structural  properties  of 
sandwiches  made  of  wood  or  wood-base  materials. 
They  may  have  an  Immediate  effect  on  the  facings 
or  the  core,  and  they  are  major  factors  In  pro¬ 
ducing  aging  effects  on  facings,  core,  or  adhesive 
bond. 

Facings  of  wood  or  wood-base  material  are 
hygroscopic;  that  is,  they  take  on  or  give  off 
water  vapor  until  they  are  in  equilibrium  with 
the  surrounding  atmosphere.  With  an  increase  of 
moisture,  the  dimensions  are  increased,  while 
structural  properties  are  generally  reduced.  This 
can  and  often  does  happen  to  a  building.  Since  the 
properties  of  sandwich  constructions  are  largely 
controlled  by  the  fkclngs,  these  effects  are 
inqmrtant.  Table  5  gives  the  structural  properties 
of  a  number  of  common  facing  materials,  both 
wet  and  dry. 

Table  5  also  shows  the  molstiu'e  effects,  both 
on  dimensions  and  on  strength  and  stiffness  of  a 
number  of  facing  materials.  Plywood  expands  by 


0.1  to  0.2  percent  of  Its  original  length  and  loses 
about  18  percent  of  Its  strength  and  stiffness 
when  soaked.  Shock  resistance  Is  little  affected, 
Hardboards  and  insulating  boards  have  more 
expansion  than  plywood.  The  reductions  of  strength 
and  stiffness  follow  the  same  order. 

Moisture  also  affects  the  strength  of  the  paper 
core.  Honeycomb  cores  A  and  D  in  table  6  were 
tested  for  conq>ressive  and  shear  strength  when 
dry  and  when  wet.  The  wet  values  \v'>re  about 
30  percent  in  compression  and  about  45  percent 
In  shear,  compare  >  to  the  dry  values  given  in 
table  6. 

Temperature  effeevs  on  strength  are  generally 
not  inq)ortant  in  structural  sandwich  for  building 
construction.  The  strength  of  most  wood  materials 
increases  or  decreases  only  0.33  to  0.50  percent 
from  that  at  70“  F.  for  each  degree  of  tenqicrature 
change.  Adhesives  that  become  plastic  at  hi{^ 
temperatures  should  be  used  with  care  where 
there  is  a  possibility  of  hig^  tenq>eratures  in 
service.  On  the  other  hand,  thermosetting  adhe¬ 
sives  that  have  not  been  fully  cured  may  become 
hardened  and  strengthened  by  e:q[>osure  to  high 
tenq>erature.  This  was  shown  in  tests  of  sand¬ 
wich  specimens  with  phenol  resin-treated  paper 
honeycomb  cores  bonded  to  aluminum  facings  with 
the  phenol- vinyl  resin  adhesive. 

The  effect  of  severe  teiiq>>3rature  differences 
was  shown  by  previous  laboratory  tests  on  six 
sandwich  panels  20  by  72  by  f<  inches  in  size.  The 
core  was  paper  honeycomb,  and  the  facings  were 
various  combinations  of  Oouglas-fir  veneers  and 
plywood,  mostly  with  pq)er  overlay  and  one  with 
aluminum  paint  on  the  warm  side.  The  panels 
were  built  into  a  wall  between  two  rooms,  one  at 
70“  F.  and  the  other  a  refrigerated  room  at  -20“ 
F.  Bowing  due  to  temperature  occurred  immedi¬ 
ately;  it  was  toward  the  warm  side  and  was 
observed  to  range  from  practically  nothing  iq)  to 
0.06  inch  in  the  various  panels.  With  continuing 
exposure,  the  bow  was  reduced  because  of  expan¬ 
sion  in  the  facings  on  the  cold  side  due  to  absorp¬ 
tion  of  moisture. 

Tests  of  smaller  panels  placed  near  the  floor 
in  the  same  wall  showed  about  5  peroent  of 
moisture  in  the  facing  on  the  warm  side,  4  per¬ 
cent  in  the  core,  5  peroent  in  the  facing  on  the 
cold  side,  and  an  additional  5  percent  as  frost 
crystals  on  the  inner  surface  of  the  cold  facing. 
Bow  of  the  panels  was  not  measured. 
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Table  4. --Average  results  of  tension  testa  on  specimens  of  sandwich  wall 
panelal 


Exposure 

Test  results-^ 

Location  of 

Refer- 

Total  time 

Tensile 

fai lure 

once 

Description 

before  testing 

strength 

No. 

In  :  In 

glue:  paper 

Weeks ; Days : Cvc lea 

P.s.i. 

Pet.:  Pet. 

1  : Conditioned  at  80*  P.  and  6S 

75 

58  :  42 

percent  relative  humidity. 

:  : 

; Tested  dry. 

•  : 

2  :48  hours  In  water  at  80*  F. 

44 

82  :  18 

: Tea  ted  wet. 


3  ;1  hour  at  180*  F.  Tested  at  ; . . :  28  ;  94  ;  6 

:180*  F.  :::::: 


4 

Continuous  exposure  to  97 

1 

•  ess 

70 

69 

31 

percent  relative  humidity 

2 

•  •  •  • 

85 

54 

46 

at  80*  F. 

4 

•  •  •  • 

78 

58 

42 

8 

•  •  »  • 

88 

39 

61 

12 

«  •  •  • 

69 

60 

40 

16 

•  see 

88 

46 

54 

5 

1  cycle  (4  weeks):  2  weeks  at 

4 

•  •  •  • 

1 

91 

49 

51 

80*  F.  and  97  percent  rela- 

8 

•  •  «  • 

2 

74 

59 

41 

tlve  humidity,  and  2  weeks  at 

12 

•  •  e  • 

3 

71 

63 

37 

80*  F.  and  30  percent  rela- 

16 

•  •  •  • 

4 

95 

31 

69 

:tlve  humidity.  Then  repeated. 

24 

•  •  •  • 

6 

80 

34 

66 

6 

1  cycle  (2  days):  1  hour  in 

•  •  •  •  • 

2 

1 

49 

79 

21 

water  at  122*  F.,  3  hours  In 

«  •  •  •  • 

4 

2 

50 

91 

9 

wet  steam  at  200*  F.,  20 

•  •  •  e  • 

6 

3 

66 

77 

23 

hours  at  10*  F.,  3  hours  at 

«  •  •  •  • 

8 

4 

38 

96 

4 

212*  F.,  3  hours  In  wet  steam 

•  •  •  •  • 

10 

5 

41 

86 

14 

at  200*  F.,  and  18  hours  In 

e  •  •  •  • 

12 

6 

32 

94 

6 

dry  air  at  212*  F.  Then 

repeated. 

7 

1  cycle  (2  days):  24  hours  at 

10 

5 

92 

42 

58 

ISfl*  F.,  jind  24  hours  at 

20 

10 

82 

33 

67 

40*  F.  Then  repeated. 

30 

15 

82 

57 

43 

40 

20 

83 

30 

70 

8 

1  cycle  (2  weeks):  2  days  In 

2 

•  «  s  « 

1 

88 

35 

65 

water,  12  days  at  80*  F.  and 

4 

•  see 

2 

63 

59 

41 

30  percent  relative  humidity 

6 

•  *  •  • 

3 

80 

52 

48 

Then  repeated. 

Q 

see* 

4 

83 

28 

72 

12 

•  •  •  « 

6 

50 

53 

47 

-Each  value  Is  the  average  of  10  specimens 

from  each  panel  subjected 

to 

exposures  1,  2,  or  3,  and  of  5  specimens  for  each  panel  tested  at  the  end 
of  each  period  after  being  subjected  to  exposures  4,  5,  6,  7,  or  8.  The 
wall  panels  consisted  of  0.020-lnch  aluminum  faces  bonded  to  a  2*lnch- 
thlck  honeycomb  core  of  resin-treated  paper. 

2 

-Average  of  4  panels. 
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Effect  of  Temperature  and 

Moisture  Changes  on  Bowing 

Sandwich  panels  have  large  su’  ace  areas  that 
may  change  appreciably  In  dimensions  with  varia¬ 
tions  of  temperature  or  moisture  content.  When 
used  In  exterior  walls  of  liulldlngs,  the  two  facings 
are  generally  e}q)Osed  to  different  conditions  and 
thus  assume  different  dimensions;  the  resultant 
unbalance  causes  bowing  or  cupping.  Defects  In 
materials  or  manufacture  can  cause  warping  or 
twisting.  Tests  have  shown  that  the  change  in 
dimension  of  a  sandwich  panel  with  equal  facings 
and  e}q)osed  to  the  same  conditi(m  on  both  sides 
is  practically  the  same  as  that  of  a  free  facing. 
Table  5  gives  linear-expansion  values  for  a 
number  of  facings. 


Heat  Transfer 

A  variety  of  sandwich-panel  joint  types  were 
tested  at  the  Forest  Products  Laboratory  for 
heat  conductivity,  from  a  terrqjerature  of  73°  F. 
in  still  air  on  the  warm  (indoor)  side  to  -10°  F. 
with  moving  air  on  the  cold  (outdoor)  side.  The 
panels  were  3  inches  thick,  with  XN-type  paper 
honeycomb  cores  and  1/4-inch  plywood  or  0.02- 
inch  aluminum  facing.  Under  these  conditions, 
the  plywood-faced  panel  and  the  surface  at  a  joint 
with  a  plywood-fiberboard  spline  had  surface 
temperatures  of  about  66°  F.  on  the  warm  side. 
These  surface  temperatures  would  require  a 
relative  humidity  of  nearly  90  percent  indoors  to 
cause  condensation  of  water  vapor. 

The  aluminum-faced  panel  had  surface  tem- 


Table  6. --Mechanical  properties  of  several  types  of  honeycomb  corea 


. 

•  » 

•  • 

•  * 

Shear  properties! 

Deslg- 

'  1 

: Weight  of 

:  Compressive  : 

nation 

Type- 

: assembled 

:  strength! 

Shear 

: Modulus  of 

J 

:  core 

1  1 

strength:  rigidity 

: 

*  Ps  C  «  f  « 

:  P.s.l.  : 

P.s.l. 

1.000 
•  P  s  8  s  ^  s 

A 

:  Paper,  corrugated 

:  1.64 

:  30  : 

28 

B 

:  do. 

2.58 

;  63  : 

74 

C 

:  Paper,  expanded 

1.96 

:  45  ; 

D 

;  do. 

:  1.76 

:  95  : 

97 

:  10.3 

E 

:  do. 

3.96 

360 

306 

f  20.6 

F 

:  Glass  cloth 

3.46 

:  286 

165 

11.9 

G 

:  Aluminum 

3.05 

:  234  ; 

152 

29.1 

H 

do. 

4.41 

436  : 

244 

41.9 

■^ore  A, 

XN  type,  30-lb.  paper,  5  pet. 

phenolic  resin; 

Core  B, 

XN  type. 

50-lb. 

paper,  15  pet.  phenolic  resin 

Core  C,  60-lb. 

paper, 

10  pet. 

phenolic  resin;  Core  D,  60-lb.  paper,  20  pet.  phenolic  resin;  Core  E* 
125-lb.  paper,  35  pet.  phenolic  resin;  Core  F,  112-114  glass  cloth,' 
phenolic  resin,  1/4-ln.  cells;  Core  G,  0.002-ln.  foil,  3/8-ln.  cells; 
Core  H,  0.002-ln.  foil,  1/4-ln.  cells;  all  paper  cores  tented  dry; 
shear  In  cores  D  to  H  Inclusive,  parallel  to  core  ribbons. 

2 

-Compression  perpendicular  to  facings  of  sandwich,  core  ends  laterally 
supported. 

3 

"Cores  A  and  B,  shear  In  bending.  Cores  D,  E,  F,  G,  and  H,  shear 
between  two  steel  plates. 
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lii'i  Mliirc  ()1  ahoiil  aT  1'.  on  tlu'  sulc,  30”  F. 

on  ll\f  svai  in  side  of  a  joint  uilli  I'nnltnuous  tnctal 
from  oulsiilL'  to  insido,  and  intor  modi  ate  values 
foi'  otluT  joints  dosit’nod  so  that  llio  oontiimlty  of 
the  metal  was  intt'rrui)ted  from  eold  side  to  warm 
side.  W  ith  a  faeiitt;  temperature  of  57®!-’.,  eoiulcn- 
salion  would  oeeur  at  an  indoor  relative  humidity 
of  (if)  |)ereenl,  and  with  a  temperature  of  36“  F., 
at  a  relative  humiilily  of  30  percent. 

Condensation 

If  sandwich  panels  with  cxiiandcd  or  corrugated 
paper  cores  are  used  for  exterior  walls  or  roofs 
In  eold  climates,  temperatures  of  the  Indoor  sur¬ 
faces  of  the  sandwich  may  drop  low  enough  to 
cause  oljjcetional)le  condensation  of  water  vapor 
from  the  Interior  air,  unless  cores  with  more 
efficient  Insulation  are  used.  The  problem  is 
most  acute  with  sandwiches  having  metal  facings 
and  heat-conductive  cores,  anti  at  joints  or  around 
openings. 

Impact  Bending 

Intact  bending  tests  were  made  on  prototypes 
of  a  plywood-faced  wall  panel,  an  aluminum-faced 
wall  panel,  a  plywood-faced  floor  panel,  and  an 
aluminum-faced  roof  panel.  Panels  were  sig}- 
ported  near  the  ends.  Inqiacts  were  from  a  60- 
pound  sandbag  dropped  on  the  center  of  the  panel 
from  Increasing  heights  until  failure  occurred. 
Heights  of  drop  at  failure  were  8  feet  for  the 
plywood- faced  wall  panel,  7  feet  for  the  aluminum¬ 
faced  wall  panel,  and  exceeded  10  feet  for  the 
floor  panel  and  4  feet  for  the  roof  panel.  There 
was  no  damage  from  the  3-foot  drop  on  wall  or 
roof  panels,  or  from  the  6-foot  drop  on  the  floor 
panel.  These  values  had  been  suggested  as  per¬ 
formance  requirements  in  this  test. 

Concentrated  Loading 

Concentrated  loads  of  SO  to  200  pounds  on  an 
area  1  Inch  in  diameter  caused  less  deflection 
of  the  aluminum-faced  panels  than  that  under 
design  load  in  static  bending.  Permanent  denting 
of  the  1/50-inch  facings  occurred  at  loads  ranging 
from  190  to  290  pounds.  Tests  made  with  a  falling 


2-inch  steel  ball  on  specimens  of  similar  panels 
caused  ilents  0,01  to  0,03  inch  deep  from  drops  of 
4  inches.  Dents  of  equal  depth  were  more  noticeable 
in  smooth  bright  sheets  of  metal  than  In  materials 
like  fiberboard,  with  a  dull  finish  or  texture. 

Compressive  loads  up  to  500  p.l.f.  (pounds  per 
lineal  foot)  caused  negligil)le  deformation  and  no 
damage  to  plywood-  and  aluminum-faced  panels 
8  feet  in  length.  Three  aluminum-faced  panels 
failed  by  buckling  of  a  facing  at  loads  of  2,300  to 
3,100  p.l.f.  An  8-foot  panel  faced  with  1/4- inch 
plywood  had  developed  a  load  of  19,000  pounds 
per  foot  of  width  at  failure. 


Edgewise  Loading 

Three  aluminum-faced  panels  were  tested  under 
an  edgewise  racking  load.  There  was  no  structural 
failure  at  twice  the  design  load  of  60  p.l.f.  of  width. 
Ultimatu  strengths  were  from  250  to  640  p.l.f. 
when  the  panels  were  fastened  and  restrained  in 
a  naanner  similar  to  that  e:q>ected  in  service. 


Bending 

Bending  tests  were  conducted  by  siqpportlng 
panels  on  rollers  near  each  end  and  slowly 
applying  load  at  the  quarter  points  (fig.  9)  until 
failure  occurred.  Strength  values  of  panels  not 
retained  in  the  existing  unit  are  given  in  table  7. 
All  panels  tested  exhibited  original  strength  values 
that  far  exceeded  the  strength  requirements.  Wall 
panels  had  strengths  of  five  to  twelve  times  the 
design  load  of  20  p.s.f.  The  floor  panel  tested  had 
a  strength  nearly  ten  times  the  design  load  of 
40  p.s.f.  The  aluminum-faced  roof  panels,  which 
had  a  design  load  of  15  p.B.f.,  were  the  only  roof 
panels  tested  to  failure.  Their  strength  was  more 
than  three  times  the  design  load. 


Stiffness 

Stiffness  tests  were  made  by  siqiporting  the 
experimental  panels  on  rollers  near  each  end  and 
applying  load  at  the  quarter  points  until  the  design 
load  was  achieved.  Stiffness  values  of  panels  not 
retained  in  the  existing  unit  are  given  in  table  7. 
All  panels  except  the  aluminum-faced  ones  had 
deflections  at  design  load  less  than  1/270  of  the 
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-^•ascd  on  test  to  failure  of  duplicate  panel. 
lAvcrage  for  the  4  floor  panels. 


span  which  was  selected  as  the  maxi  mum  aecept- 
ahle.  The  aluminum- laced  wall  panels  had  deflec¬ 
tions  only  slightly  greater  than  1/270  of  the  span. 
ITie  aluminum-faced  roof  panels  deflected  an 
average  of  1/131  of  the  span;  however,  they  were 
designed  for  a  load  of  only  15  p.s.f.  but  tested 
under  the  roof  design  load  of  25  p.s.f.  At  load 
of  15  p.s.f.,  deflection  averaged  1/263. 
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1.5-25 


This  research  paper  supersedes  U.S.  Forest 
Service  Research  Paper  FPL  12,  of  the  same 
title,  issued  by  the  Forest  Products  Laboratory 
in  1964, 


